Continuous hydrogen production with anaerobic palm oil mill effluent (POME) sludge immobilized synthetic polymer by Fairuz, Rosni
	CONTINUOUS HYDF	 " WITH ANAEROBIC 'PALM OIL 
PER PUSTA
	 UMP 
	
MILL EFFLUENT	
huff! III! 1111 ,,, 
 ,,,, ,,KAAN
 liii ifillhlil liflillU 
D BY SYNTHETIC 
0000073609 
FAIRUZ B1NTI ROSNI 
AE08070 
PROF. MADYA DR ZULARISAM BIN ABD WAHID 
A thesis submitted in fulfillment of the requirement for the award of the degree of
Bachelor on Civil Engineering (Environment) 
Faculty of Civil Engineering & Earth Resources 
University Malaysia Pahang 
Semester 11 2011/2012
vi 
ABSTRACT 
Hydrogen has been recognized as a promising energy in the future for being clean, 
efficient and recyclable. Therefore, it can be replaced with other non-renewable 
energy such as coal, gasoline, petroleum and metal cores for energy. The increasing 
of the palm oil processing has resulted the increasing of the Palm Oil Mill Effluent 
(POME) that can't be treated for drinking water and can lead to an increase the total 
waste water in Malaysia. The feasibility of hydrogen generation from palm oil mill 
effluent (POME), a high strength wastewater with high solid content, was evaluated 
in an upflow anaerobic sequencing batch reactor (UASBR). Most studies for the 
hydrogen production in the applied cell suspension systems often encountered 
problem with biomass washout at high dilution rates and required recycling of 
biomass from the effluent to maintain sufficient cell density for continuous hydrogen 
production. This study is needed to determine the effect of hydraulic retention time 
(HRT) of the immobilized Upflow Anaerobic Sludge Blanket (UASB) reactor to the 
quality of the POME and to characterize the POME properties in terms of the COD, 
TSS and VSS before and after the sample is being treated. Four different hydraulic 
retention times (HRT), ranging from 4 h to 16 h at constant temperature of 35°C 
were tested to evaluate hydrogen productivity and operational stability of 
immobilized UASBR. The results showed higher system efficiency was achieved at 
1-IRT of 2 h with maximum hydrogen production rate of 330 mL-H 2IhIL and 
hydrogen yield of 0.33 mol-H2/mol-sucrose. COD removal reached more 50%, 
respectively. Butyrate was found to be the dominant metabolite in all FIRTs. Low 
concentration of volatile fatty acid (VFA) confirmed the state of stability and 
efficiency of the operation was achieved in immobilized UASBR.
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ABSTRAK 
Hidrogen telah dikenal pasti sebagai sumber tenaga yang bersih, cekap dan boleh di 
kitar semula pada masa akan datang. Oleh yang demikian, ia boleh menggantikan 
sumber tenaga yang tidak boleh di kitar semula seperti arang batu, petrol, petroleum 
dan logam teras untuk penjanaan tenaga.. Peningkatan pemprosesan minyak kelapa 
sawit telah menyebabkan pengeivaran kumbahan kilang kelapa sawit (POME) 
meningkat yang tidak dapat di rawat untuk dijadikan air minuman dan akan 
menyebabkan penambahan jumlah air sisa yang dikeluarkan di Malaysia. 
Kebolehlaksanaan penjanaan hidrogen daripada kumbahan kilang kelapa sawit 
(POMIE) yang merupakan air sisa yang berkepekatan yang tinggi dengan kandungan 
sisa pepejal yang tinggi, telah dinilai dalam pencema lapisan enap cemar anaerobik 
alir-naik (UASBR). Kebanyakan kajian dalam penghasilan hidrogen 
mengaplikasikan penggunaan system sel terampai telah mengalami masalah dengan 
penyingkiran biojisim pada kadar kecairan yang tinggi dan memerlukan penggantian 
biojisim untuk mengekalkan kepadatan sel untuk penggunaan dalam penghasilan 
hidrogen secara berterusan. Kajian mi diperlukan untuk menentukan kesan masa 
penahanan hidraulik (HRT) terhadap sel biojisim menggunakan pencerna lapisan 
enap cemar anaerobik alir-naik (UASBR) untuk menentukan kualiti dan sifat-sifat 
kumbahan kilang kelapa sawit POME dari segi COD, TSS dan VSS sebelum dan 
selepas sampel dirawat. Dalam empat perbezaan masa penahanan hidraulik (HRT) 
iaitu 4 jam, 8 jam, 12 jam dan 16 jam pada suhu yang dimalarkan sebanyak 35°C, 
sampel telah diuji untuk menilai produktiviti hidrogen dan kestabilan pencema 
lapisan enap cemar anaerobjk alir-naik (UASBR) beroperasi. Melalui keputusan yang 
diperolehi menunjukkan sistem yang lebih tinggi kecekapan ialah pada masa 
penahanan hidraulik (HRT) 2 jam dengan kadar maksimum pengeluaran hidrogen 
330 mL-H2/hIL dan basil hidrogen 0.33 mol-112/mol-sucrose. Kadar penyingkiran 
COD mencapai pada kadar yang telah ditetapkan dengan sekata iaitu dalam 
50%. Butyrate te;Iah didapati menjadi metabolit dominan dalam semua masa 
penahanan hidraulik (IIRT). Dengan kepekatan lemak yang rendah bagi lemak asid 
meruap (VFA) mengesahkan kestabilan keadaan dan kecekpan operasi yang telah 
dicapai oleh pencema lapisan enap cemar anaerobik alir-naik (UASBR).
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CHAPTER 1 
INTRODUCTION 
1.1 Background of the Study 
Hydrogen has been recognized as a promising energy in the future for being 
clean, efficient and recyclable. The demand of energy increasing day by days and 
lead to depletion of non- renewable energy such as coal, gasoline, petroleum and 
metal cores. "Direct and highly efficient conversion of H 2
 into electricity by fuel 
cells makes the application of H2
 energy even more attractive" (Levin DB, Pitt L, 
Love M., 2004 and Moore RB, Raman V., 1998). Therefore, low-cost and sufficient 
supply of H2
 could soon become in urgent demand. 
Today, the primary sources of H2
 are from fossil fuels are almost depleted. 
"Besides, energy-intensive thermal or chemical processes are often required for H2 
Production using fossil fuels, making it expensive and polluting the environment" 
(Shu-yjj Wu, Chi-Neng Lin, Jian-Sheng Chang, Jo-Shu Chang, 2004). A lot of 
researches have been carried out to utilize biomass as alternative renewable resource 
since this problem has overwhelmed all over the world.
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Oil palm is one of the most versatile crops in tropical countries. Palm oil 
industry is one of the most important contributors to Malaysia economy. "Today, 
Malaysia is the world's largest producer and exporter of palm oil; contributing 
49.5% of world production and 64.5% of world exports" (Malaysian Palm Oil 
Board, 2004). 
The production of palm oil results in the generation of large quantities of 
polluted wastewater commonly referred to as palm oil mill effluent (POME). 
"Typically, 1 tonne of crude palm oil production requires 5-7.5 tonnes of water; over 
50% of which ends up as POME." (Ma, 1999a). "Based on palm oil production in 
2005 (14.8 million tonnes), an average of about 53 million m3
 POME is being 
produced per year in Malaysia" (Malaysia Palm Oil Production Council, 2006), 
The P0MB comprises a combination of wastewater from "three main sources 
viz. clarification (60%), sterilization (36%) and hydrocycione (4%) units" (Ma, 
2000). It contains various suspended components including "cell walls, organdies, 
short fibres, a spectrum of carbohydrates ranging from hernicellulose to simple 
sugars, a range of nitrogenous compounds from proteins to amino acids, free organic 
acids and an assembly of minor organic and mineral constituents" (Ugoji, 1997). 
Hydrogen has been called the "most alternative" of the alternative fuels: if it 
is made by electrolysis of water using electricity from a nonpolluting source like 
wind or solar power, then no pollutants of any kind are generated by burning it in an 
internal combustion engine except for trace amounts of nitrogen oxides, and if it is 
used in a fuel cell then even these disappear. Furthermore, no greenhouse gases are 
generated because there's no carbon in the fuel. All that comes out the vehicle's 
exhaust is drinkable water. Using hydrogen as the "battery" to store energy from a 
nonpolluting, renewable source would result in a truly unlimited supply of clean 
fuel.
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The advantage of using hydrogen to store energy rather than a battery pack is 
that a hydrogen tank can be refilled in minutes rather than recharged in hours, and it 
takes less space and weight to store enough hydrogen to drive a given distance on a 
single refueling than it does to carry enough battery capacity to go the same distance 
on a single recharging. The battery-electric drive train uses energy more efficiently, 
and can handle the vast majority of daily commute-and-errands driving that people 
do, but for long trips hydrogen could prove to be a lot more convenient. 
1.2 Problem Statement 
Most of the study for hydrogen production on applied suspended cell-systems 
often encounter problem with washout of biomass at high dilution rate and would 
require the recycling of biomass from the effluent to maintain sufficient cell density 
for continuous hydrogen production. "Biological hydrogen production using 
suspended-cell system is normally inefficient and / or difficult to control in 
continuous operation. The law hydraulic retention rate of the hydrogen producing 
bacteria in a freely suspended-cell system limits the productivity of a reactor because 
of the long hydraulic retention time" (Bo Hu, Shu Lin Chen, 2008). 
Nowadays, the use of palm oil for biodiesel was prevalent in Malaysia. 
"Palm oil is now starting to be used as an ingredient in bio-diesel and as a fuel to be 
burnt in power stations to produce electricity. This is a new market for palm oil 
which has the potential to dramatically increase global demand for this commodity" 
(Friends of the Earth, 2006). The increasing of the palm oil processing has resulted 
the increasing of the Palm Oil Mill Effluent (POME). POME can't be treated for 
drinking water. Therefore, it can lead to an increase the total waste water in 
Malaysia.
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"From environmental perspective, fresh P0MB is a hot and acidic brownish 
colloidal suspension, characterized by high amounts of total solids (40 500 mg/l), oil 
and grease (4 000 mg/1), COD (50 000 mg/1) and BOD (25 000 mg/I)." (Singh et al., 
1999; Ma, 2000). P0MB has been identified as one of the major sources of aquatic 
pollution in Malaysia. The characteristic of a typical P0MB is shown in Table 1.1. 
Table 1.1	 Typical characteristics of POME (Ma, 2000) 
Parameter	 Average Metal	 Average 
pH	 4.7 
Oil and Grease	 4000 
Biochemical Oxygen Demand 25 000 
(BOD5) 
Chemical Oxygen Demand (COD) 	 50000 
Total Solids	 40 500 
Suspended Solids	 18000 
Total Volatile Solids	 34000 
Ammoniacal Nitrogen	 35 
Total Nitrogen	 750
Phosphorous 
Potassium 
Magnesium 
Calcium 
Boron 
Iron 
Manganese 
Copper 
Zinc
180 
2270 
615 
439 
7.6 
46.5 
2.0 
0.89 
2.3 
All in mgfL except pH
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1.3	 Research Objectives 
Basically this project is base on these objectives: 
i. Determine the effect of hydraulic retention time (HRT) of the 
immobilized Upflow Anaerobic Sludge Blanket (UASB) reactor to the 
quality of the POME. 
ii. Characterize the POME properties in terms of the COD, TSS and VSS 
before and after the sample is being treated. 
1.4 Scope of the Research 
The scope of this study is to determine  the different of effluent quality from 
the Palm Oil Mill Effluent (POME) taken at Lepar Hilir before and after using the 
immobilized UASB reactor method. 
The sample will be test according the Chemical Oxygen Demand (COD), 
Total Suspended Solid (TSS) and Volatile Suspended Solid (VSS). 
There are three stages of process in the laboratory experimental. Firstly is to 
determine the quality of the samples without processing the POME by using 
immobilized UASB reactor. Then, the second process is to determine the quality of 
the samples after processing the POME by using immobilized UASB reactor. After 
that, the process is to determine the hydrogen production based on the different value 
Of hydraulic retention time. 
The factor that need to be considering during test by using immobilized 
UASB reactor is the hydraulic retention times (HRT) which are 4, 8, 12 and 16 hours 
based on the temperature 35°C.
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After the experiment done, the data collected is use for a comparison between 
the quality of the POME for before and after the process by immobilized UASB 
reactor and the total of the hydrogen production that can be produce during the 
experiment. 
1.5 Expected Outcomes 
The expected outcomes from this project are: 
L To analyze the quality of the PONE before and after the experiment

according to COD, TSS and VSS by using immobilized UASB reactor. 
ii. To analyze factor of effect for continuous hydrogen production using 
immobilized UASB reactor according to the hydraulic retention time 
when temperature is constant. 
1.6	 Significance of the Research 
The significances of the study are: 
i. High cell concentrations and long retention time of biomass in the 
system. 
ii. Cell reuse without the costly processes of cell recovery and cell recycle. 
Eliminates cell washout at high dilution rates. 
IV. May provide favorable micro-environmental conditions for cells (i.e. cell-
cell contact, nutrient-product gradients, pH gradients), resulting in better 
performance of the biocatalysts (higher yields, growth and production 
rates) of hydrogen.
Page 16
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CHAPTER 2 
LITERATURE REVIEW 
2.1	 Introduction 
Hydrogen (112) is considered as a clean source of energy and an ideal 
substituent for fossil fuel due to its high energy content (122 kJ/g), recyclability and 
non-polluting character. Therefore, it will be the best alternative energy that will use 
for conversion of hydrogen to electricity. 
"At present 95% of commercial hydrogen generated by steam reforming of 
natural gas and gasification of coal" (Logan et al.2002), hence, these process is 
expensive and not environmental friendly. 
"Biological process for hydrogen production is less energy intensive and 
more eco-friendly compared to conventional chemical method" (Wang and Wan 
2009). But low hydrogen yield, low production rate and instability for continue high 
112 productions are still the major problems of biological process.
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"Many research works on biohydrogen production from complex wastewater 
such as POME focused on suspended cell culture system either under batch or 
Continuous mode of operation" (Chong et al.2009 and Ismail et al. 2010). However, 
continuous operation of suspended-cell system often encounters problems with 
washout of biomass at high dilution rates and would require the recycling of biomass 
from the effluent to maintain the sufficient cell density for high H 2
 production. 
Immobilized cell system will be another option with a feature of creating a 
local anaerobic environment, which is well suitable to Oxygen-sensitive fermentative 
H2 production. The immobilization system enhances the separation of solid—liquid in 
the settling tank and therefore allows for further recycling of the biomass. 
Entrapment of cells in synthetic and natural polymers for H2
 production from 
simple sugars has been successful which is shown in Table 2.1 below. In this study 
we are going to use first time poly (ethylene glycol) (PEG) for immobilization of 
activated POME sludge for bio-hydrogen production from POME waste water. 
Page 18
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2.2 Paper Review 
2.2.1 Hydrogen Production 
112 which helped power the first working fuel cell, which generates electricity 
from the reaction between H2 and 02 is the first produced artificially in the 16th 
century and identified as a unique element in 1766. H2 production by 
microorganisms has been known for over 100 years but it was not until in the 1970's 
that real development and research started. 112 exists naturally in earth's crust as 
bound state and there is a need to produce H2. 
"Regarding the limited fossil energy resources, energy security and the global 
environment, a great attention is being paid to the usage of hydrogen as fuel to 
reduce the emission of CO2 to the atmosphere. Hydrogen as the future energy source 
has recyclability and non-polluting nature" (Argun H, 2008). 
Hydrogen production using biological process is one of the attractive 
processes because it results less energy intensive compare to other method. 
"Biological hydrogen production is of great interest because it can be operated at 
ambient temperature and pressure and consequently is less energy intensive 
compared to traditional thermo-chemical and electro-chemical process. Production 
of hydrogen through biological process can be achieved by using anaerobic process" 
(Marzieh Badiei, 2011). 
"Besides electrolytic or thermochemical process, both of which are energy 
intensive" (Rajeshwar et a!, 1994), "hydrogen can also be produced from organic 
waste and wastewater by fermentation bacteria" (Fang and Liu, 2002; Li and Fang, 
2006). "This process reduces pollution and produces a clean energy at the same 
time" (Fang et a!, 2004).
Page 110
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At first the main focus was on photosynthetic bacteria and fermentation was 
mostly left unattended. It can be produced from fossil fuels and biomass via different 
methods. Although the processes involve renewable sources and involve expensive 
techniques, these are still practiced due to the abundant availability of low cost coal 
from water (thermal and thermo-chemical processes) or electrolysis and photolysis. 
"The H2
 economy has the potential to provide a sustainable and secure system and 
there is a wide growing literature promoting and exploring different possible H2 
future." (Nandi and Sengupta, 1998; McDowall and Eames, 2007; Kotay and Das, 
2008). 
2.2.2 Palm Oil Industry 
"Over the last 30 years, Malaysian palm oil industry has grown rapidly and at 
present it is one of the largest agro-based industries in the world" (Wong et al. 2002; 
Wu et al. 2010). 
"Malaysia currently accounts for 51% of world palm oil production and 62% 
of world exports. In 2004, it was reported that Malaysia produces 14 million tons of 
Palm oil planted on 38 000 square kilometers of land" (Nur Azeera Binti Badroldin, 
2010).
"Today, Malaysia is the world's largest producer and exporter of palm oil; 
contributing 49.5 % of world production and 64.5 % of world exports" (Malaysian 
Palm Oil Board, 2004). "The total oil palm planted area increased by 4.5 % or 
174,000 hectares to 4.0 million hectares in 2005 compared to that in 2004. The 
Pr
oduction of crude palm oil continued to increase for seven consecutive Years 
r
eaching 15.0 million tonnes in 2005 from 14.0 million tones in the previous year" 
(Malaysian Palm Oil Board, 2005).
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2.2.3 Palm Oil Mill Effluent (POME) 
A typical palm oil mill releases liquid effluent, known as palm oil mill 
effluent (PONE), gaseous emissions from boilers and incinerators, solid waste 
materials and by-products that include empty fruity bunches (EFB), potash ash, palm 
kernel, fiber and shells (Wong et al., 2002). These wastes, if not disposed properly, 
will cause negative and deleterious effect to the environment as well as human 
beings.
POME is a colloidal suspension of 95-96% water, 0.6-0.7% oil, 4-5% total 
solids including 2-4% suspended solids originating from the mixture of a sterilizer 
condensate, separator sludge and hydrocyclone wastewater (Abdul Latif et al., 
2003).
Palm oil mill effluent is considered as one of the most polluting agro-
industrial effluent due to its high values of COD and BOD. "Today, the percolation 
of palm oil mill effluents into the waterways and ecosystems, remain a fastidious 
concern towards the public health and food chain interference" (Foo and Hameed 
2010). "This can cause considerable environmental problems if discharged without 
effective treatment by polluting land, water and destroying aquatic biota" (Cheng et 
al. 2010; Singh et al. 2011). "This generates an enormous amount of liquid effluent 
known as palm oil mill effluent (POME) and consequently creates significant 
amount of pollution when released into rivers and lakes without proper treatment" 
(Nur Azeera Bintj Badroldin, 2010). 
Therefore, we have to treat the POME before release it to the pond, lake and 
etc. "Palm oil mills are required to treat their POME prior to discharging it into 
streams and rivers. In the process of palm oil milling, POME is mainly generated 
from sterilization and clarification of palm oil in which a large amount of steam and 
hot water are used" (Zinatizadeh et al. 2006; Rupani et al. 2010).
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"POME is acidic (pH 4-5), has discharge temperature of 80-90°C or 50-
60°C and is non toxic (since no chemicals are added during extraction)" (Ahmad et 
a1 2003). The characteristics and the parameter limits for POME discharge into 
watercourses in Malaysia are summarized in Table 2.2. "It is rich in organic matter 
such as proteins, carbohydrates and lipids along with nitrogenous compounds and 
minerals" (Wu et al. 2007). 
Table 2.2	 Characteristics and parameter limits for POME discharge into water

courses in Malaysia 
- Characteristics of POME	 Parameter iimitt Mail Qwmutv 
for watercourse cmtatitncnts (gfg dry 
discharge for PONE of FOME sample) 
Parameter' Mcrn Range Limits of hsthaTge Moisture 6.75 
pH 42 3.4-5.2 5.0-9.0 Crude protein 9.07 
Temperature - 80-90 45 Crude lipid 1321 
Biological Oxygen 250(11 l0250..43,750 100 A.th 32.32 
Demand 3-days 30'C' 
Chemical Oxygen Demand 51000 15A1C-1.00.000 - Caibohydrate 2055 
Total solids 441000 :i 1500-79.000 - Niogcn.free extract 19147 
Suspended Solids 1&000 5.000-54.000 400 Total cirotcne 20.07 
Volatile Solids 34000 9,000-72,000 - 
Oil and Grease 6.000 130-1&000 50 
Ammoniacal Niuxgcn 35 4-80 1S(f 
Total Nitrogen 750 180-1400 200" 
Sourer: (Ma 1999a. b . Sourer: EQ/s 1974 Soarer: Habib d al. (1997) 
(Act 127) and Subsidiary 
Legislation 2002
'Units in mg(I except pH and Temperature ('C) 
The sample for ROD analysis is incubated at 30'C for 3 days 
Value of filteredamp1e 
Therefore, it can be reused for biotechnological means. The various effluent 
treatment schemes, which are currently used by the Malaysian palm oil industry, are 
listed in descending order: 
a) Anaerobic / facultative ponds tank digestion and mechanical aeration, 
b) Tank digestion and facultative ponds, 
c) Decanter and facultative ponds, 
d) Physic-chemical and biological treatment,
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e) Evaporation and a clarification coupled with filtration and aeration. 
"Palm oil mill effluent (POME) and its derivatives have been exploited as 
fermentation media to produce various products and have shown high potential as a 
substrate for generation of hydrogen. The possibility of reusing POME as 
fermentation media is largely due to the fact that POME contains high concentration 
of carbohydrates, protein, nitrogenous compounds, lipids and minerals" (Marzieh 
Badiei, 2011). 
"Many anaerobic fermentation studies used mixed culture of POW sludge 
to convert POME to hydrogen and their operating conditions and reactors 
configuration always affected on efficiency of microbial degradation of wastewaters 
by anaerobic fermentation." (Marzieh Badiei, 2011). 
2.2.4 Dark Fermentative Hydrogen Production 
Fermentative H2 production is a novel aspect and ubiquitous phenomenon 
under anoxic or anaerobic conditions (i.e., no 02 present as an electron acceptor). 
When bacteria grow on organic substrates (heterotrophic growth), these substrates 
are degraded by oxidation to provide building blocks and metabolic energy for 
growth.
Biological H2 production processes particularly fermentation process is 
environment friendly and less energy intensive as compared to other methods. 
Biological H2 production can be more attractive by using organic wastewater or 
other wastes. "Microorganisms can reduce protons on fermentation to get rid of 
excess reducer in cases where the medium contains no terminal electron acceptor 
[for example, 02, nitrate (NO3 ), nitrite (NO2 ) or sulfate]" (Bartacek et al., 2008). 
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